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Abstract 
The Nile Delta aquifer in Egypt is among the largest groundwater reservoirs in the world. This paper presents main 
sources causing Fe and Mn pollution to nonconventional drainage and groundwater resources and an applied method 
to reduce both elements to be safe. The main environmental problems were analyzed to suggest an optimum solution 
to be implemented in Delta District, Egypt. Raw water samples were collected and analyzed from Gharbia 
Governorate’s study area as it represents most Delta governorates. One of the main problems related to water in Delta 
is the reddish colour caused by the presence of ferrous and manganese. Iron and manganese concentrations in most 
samples exceeded World Health Organization and Egyptian Standard for safe water limits. Iron ranges between 0.1 & 
1.33, while manganese shows 0.5 & 1.45 (mg/l) in the raw water, respectively. A (GIS) model was developed to 
access geostatistical analyst and mapping the probability that Fe and Mn concentration exceeds a critical threshold. 
Results show that the main polluting sources are from chemicals and fertilizers used in fruits farms as well from 
petrochemical and industrial activities. Treatment process is suggested with percentage removal of Fe & Mn 
exceeded 92% and 96% with residual concentrations less than 0.1 and 0.05 (mg/l), respectively. These values fulfil 
the Egyptian guidelines for safe water requirements.  
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1. Introduction 
Water quality is a global issue. Sewage, industrial, and agricultural wastes are discharged into water 
streams as lakes and rivers. Deltas take in the population pollution. Every year, more people die from 
unsafe water more than all forms of violence, including war.  The greatest impacts are on children under 
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the age of five. Water contamination weakens or destroys natural ecosystems that support human health, 
food production, and biodiversity. Studies have estimated that the value of ecosystem services is double 
the gross national product of the global economy, and the role of freshwater ecosystems in purifying 
water and assimilating wastes has been valued at more than ($US400 billion). Most polluted freshwater 
ends up in the oceans, damaging coastal areas and fisheries [1]. The World Bank studied practices of 
conjunctive use of groundwater and surface water resources for both irrigated agriculture and urban water 
supply in the developing world. The study shows that in urban areas water supply is form groundwater 
and surface water sources is often unplanned, not recognized, and not optimized. Conjunctive use for 
agricultural irrigation occurs widely and increasingly on alluvial plains, especially Deltas.  Surface water 
deterioration in canal often results in over discharge of groundwater for agricultural productivity [2]. 
Most of Delta governorates are similarly depends on groundwater in drinking and irrigation purposes 
during surface water shortage periods. Gharbia is the tenth largest governorate that mostly represents 
most of Delta governorates. Gharbia Governorate is located in the north of Egypt, south of Kafr el-Sheikh 
Governorate, and north of Monufia Governorate. Its capital is Tanta, which is 90 (km) north of Cairo, and 
120 (km) south east of Alexandria. The largest city in Gharbia is El-Mahalla El-Kubra. The total area of 
Gharbia governorate is 25,400 (km²), the majority of which are agricultural lands. The major economic 
resources for the governorate are agriculture, food, and textile industries. The most important crops in it 
are wheat, rice and cotton in addition to some fruits and flowers. Extended irrigation and drainage water 
network are found in the governorate. Most of drinking water networks depend on groundwater wells 
which are adversely affected by seepage from drainage networks. The Nile Delta aquifer in Egypt is 
among the largest groundwater reservoirs in the world. The aquifer is subjected to a severe seawater 
intrusion problem from the Mediterranean Sea mainly due to its geometric and geological conditions, 
limited natural recharge and overexploitation of the aquifer. Recommendations are made for the 
mitigation of the seawater intrusion problem in the Nile Delta aquifer [3]. One of the problems related to 
groundwater is the reddish color caused by the presence of ferrous and manganese. Initially, this color 
cannot be seen but after it has been exposed to the air, the oxidation of groundwater will promote the 
precipitation of ferrous and manganese. Eventually, the groundwater turns into reddish in colour [4]. Iron 
and manganese can be effectively removed from water using a number of treatment processes depending 
on form and concentration of metals. Since iron and manganese are aesthetic problems that affect all 
potential uses of the water, they must be removed from all water entering the home using Point Of Entry 
(POE) treatment devices. The filter is usually comprised of manganese treated greensand although other 
materials such as brim can also be used. In the case of a manganese greensand filter, the filter media is 
treated with potassium permanganate to form a coating that oxidizes the dissolved iron and manganese 
and then filters them out of the water. Manganese greensand filters require significant regeneration with a 
potassium permanganate solution as it is consumed during oxidation of dissolved metals. Units require 
regular backwashing to remove the oxidized iron and manganese particles [5].  
 
Mechanism of Iron and Manganese removal 
Iron and manganese are often naturally occurring in a dissolved form in normal groundwater pH ranges as 
Mn+2 and Fe+2. In the presence of an oxidant, these ions are oxidized to form insoluble products, namely 
Fe(OH)3, and MnO2 that can be filtered as shown in the following examples [6] : 
 
       MnO2 (media) 
Mn+2 + NaOCl + H2O          →          MnO2 (s) + Cl- + 3H+    (1) 
 
   MnO2 (media) 
2Fe+2 + NaOCl + 5H2O        →          2Fe(OH)3 (s) + Cl- + 5H+   (2) 
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The Aesthetic Objective (AO) for iron and manganese in safe water are less than or equal to 0.3 and 0.05 
mg/l, respectively. The taste and smell of manganese or iron at concentrations above the safe water 
guidelines may be noted by some water users [7].  
2. Data and (GIS) model 
Gharbia governorate is divided to 8 administrative centers that are Tanta, Almahalla Alkoubra, Samanwd, 
Zefta, Kafr Alzayat, Qatwr, Basyoun, and Santa. The water samples were collected for measuring Fe and 
Mn concentrations at 34 wells and 6 sites inside main drains from the administrative centers in Gharbia 
governorate. Fe and Mn concentrations were measured. The samples were collected and analyzed using 
Spectrophotometer according the American Standard methods APHA, 21Edn, 2005.  The locations of the 
samples from drains and wells are shown in Fig 1. The mean aquifer salinity and depth are increased 
northward as shown in Fig 2. Geostatistical Analyst Geographic Information System (GAGIS) was done 
to predict the concentration levels of Fe and Mn for every location in Gharbia governorate. A (GIS) 
model was developed to access Geostatistical analyst and mapping the probability that Fe and Mn 
concentration exceeds a critical threshold. The relationships between the entire samples were examined to 
produce a continuous surface of Fe and Mn concentration. The (GIS) model was built with the following 
steps: 
x Prepare thematic maps for Fe and Mn spatial concentration by inverse distance weighting modeling  
x Use (GIS) spatial analyst to classify each map in ranking weight value 
x Equal weight were assigned for each map and overlaid by using (ARCGIS) builder tool.    
 
 
 
Fig. 1.  The samples locations from drains and wells 
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Fig 2. (a) Mean aquifer depth; (b) Mean aquifer salinity 
Fig 3. Shows Fe and Mn concentration in 3 main drains as follow [8]: 
 
x Gharbia at 4 locations from MG_1 to MG_4    
x Tala drain at MK01 
x Omer Bek  drain at MM01 
 
 
 
Fig. 3. Fe and Mn concentration (a) MG01; (b); MG02(c) MG03; (d) MG04; (e) MK01; (f) MM01 
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For all locations at drains, the average Fe concentration ranged from 0.96 to 0.77 (mg/l) and average Mn 
concentration ranged from 0.15 to 0.25 (mg/l). These concentrations exceed the threshold concentration 
for Fe and Mn that are 0.4 and 0.3 (mg/l) respectively according to World Health Organization (WHO). 
 
Gharbia drain 
Gharbia drain is one of the largest drains in Delta. It starts from km 30 from Mediterranean Sea at 
Menufeya governorate and is designed to discharge into Mediterranean Sea. The Fe concentration Max & 
Min & Average values were 1.89, 0.15, and 0.79 (mg/l) respectively, while Mn concentration Max & Min 
& Average values were 1.76, 0.01, and 0.21 (mg/l) respectively at Gharbia drain at MG01. The Fe 
concentration Max & Min & Average values were 1.89, 0.3, and 0.96 (mg/l) respectively, while Mn 
concentration Max & Min & Average values were 0.74, 0.02, and 0.23 (mg/l) respectively at Gharbia 
drain at MG02. The Fe concentration Max & Min & Average values were 1.71, 0.12, and 0.77 (mg/l) 
respectively, while Mn concentration Max & Min & Average values were 0.67, 0.04, and 0.25 (mg/l) 
respectively at Gharbia drain at MG03.The Fe concentration Max & Min & Average values were 2.8, 
0.08, and 0.87 (mg/l) respectively, while Mn concentration Max & Min & Average values were 0.77, 
0.01, and 0.21 (mg/l) respectively at Gharbia drain at MG04. 
 
Tala drain  
It is located at km 19 from Mediterranean Sea at Kafr Alzyat discharges into Rossetta branch carrying 
agriculture and industrial drainage. This causes high pollution load, especially in winter closure period 
when very low Nile water is discharged for maintenance process of irrigation network. The Fe 
concentration Max & Min & Average values were 1.88, 0.13, and 0.87 (mg/l) respectively, while Mn 
concentration Max & Min & Average values were 0.33, 0.03, and 0.15 (mg/l) respectively at Tala drain at 
MK01. 
 
Omer Bek drain 
Pump station lifts waste water from Omer Bek drain and discharge it into Damietta branch at km 23 from 
Mediterranean Sea. The Fe concentration Max & Min & Average values were 1.89, 0.04, and 0.76 (mg/l) 
respectively, while Mn concentration Max & Min & Average values were 0.45, 0.04, and 0.17 (mg/l) 
respectively at Omer Bek drain at MM01.  
 
The 34 wells spatial distribution 
The Fe concentration varied from 0.02 to 1.33 (mg/l), while Mn concentration varied from 0.42 to 1.52 
(mg/l) as shown in Figs 4 and 5. 
 
   
988   Mariam G. Salem et al. /  Energy Procedia  18 ( 2012 )  983 – 993 
 
Fig. 4. Concentration (ppm) (a) Fe; (b) Mn 
 
 
Fig. 5. Fe and Mn Concentration 
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3. Materials and Methods 
3.1. Process Description of Iron and Manganese Removal 
The following shows the stages of groundwater treatment flow chart, Fig 6. 
 
 
1- Oxidation tank 
WATER CIRCUIT 
2- Feeding pump 6- Pump for potassium permanganate injection 
3- Pneumatic controlled valve 7- Pump to mix chlorine  
4- Filter 8-  Shut off valve 
5- Dosing pump for chlorine injection 9- Air blowers 
 
Fig 6. Groundwater treatment plant for reducing Fe and Mn 
 
3.1.1. Addition of calcium hypochlorite salts Ca (OCl)2 
Groundwater is upward withdrawn from the well to the oxidation tower where oxidation takes place 
inside the tower at a distance 50 to 100 cm from the water surface to allow the largest area of water with 
the air to be mixed.  
 
3.1.2. Additional aeration  
Additional aeration was fed to enhance oxidation of Mn-Fe and reduce CO2, H2S and all undesirable 
gases affecting taste and odors according to the following equation: 
 
Fe (HCO3) 2 + O2 + H2O → Fe (OH) 3 + CO2     (3) 
 
Addition of calcium hypochlorite as catalyst enhances oxidation of soluble iron and manganese to form 
insoluble ferric and manganese oxides. 
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3.1.3. Filtration process  
Filtration process carried out through two or more filter according to Fe & Mn concentration in the raw 
water. Problems facing the practical operation and develop appropriate solutions: Recorded changes of Fe 
& Mn in raw water of the same well and presence of more than one well as a source cause fluctuation of 
the produced water qualities. 
 
Treatment method:  
Chemical addition with aeration followed by filtration in case of total concentration Fe & Mn is around 
1.5 mg/l. Potassium permanganate is preferred for this case where oxidation time less than 10 minutes at 
common pH-value.  
 
3.2. Improvement of the treatment method 
To improve the performance of the treatment, the following recommendations have been carried out: 
 
3.2.1. Amend the treatment 
partial feeding with about (50-70)% from design flow to act in accordance with the purification hydraulic 
capacity of the existing filters, while the rest passed without purification as Bypass.  
 
3.2.2. Addition of potassium permanganate  
Add (2-3) mg/l instead of calcium hypochlorite which is more efficient with shorter oxidation time at 
neutral pH value. 
 
3.2.3. Rearrangement 
Rearrangement of media layers of the filter with adding Green Sand as shown in Fig 7: 
 
 
 
Fig. 7 Media layers of the filter 
 
3.2.4. Intermittent injection method  
It is recommended in case of Mn concentration exceeds iron concentration. Permanganate is injected in 
media for re-activation green sand layer, where Mn is oxidized via ion-exchange on green sand. The 
treated water meets the WHO and Egyptian Guidelines with special reference to Fe & Mn, respectively.  
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4. Discussion 
Fe and Mn concentration were studied in Gharbia governorate. Most samples exceed threshold value in 
most locations. Gharbia governorate site inside Delta is like the heart of the body as it is located in the 
center where most agriculture and industrial activities practiced in it. The agriculture area covers about 
85% of the total area. The main crops in Egypt are cultivated in Gharbia governorate, especially potatoes, 
linen, grapes, aromatic plants. Gharbia governorate is also considered one of the biggest industrial 
citadels for spinning, textile, and dying fabrication; oil and soap; fertilizers; chemicals; pesticides in 
Egypt [9].   
                  
The nonconventional water resources in Gharbia governorate  
The surface and groundwater resources are available in Gharbia governorate. The conventional Surface 
water from Nile water in Gharbia governorate lies between Damietta and Rossetta branches. It has annual 
quota from River Nile of 2.61 (billion m3) represents 94% of it that is used in agriculture purposes. The 
nonconventional water resources are groundwater and drainage water reuse as shown in Table 1. 
Table 1. Nonconventional water resources in Gharbia governorate  
Drainage source Quantity (million m3/year) (%) 
Agriculture  1858.1 93 
Industrial  135.56 6.7 
Sewage 6.34 0.3 
Total 2000  = (5.5 million m3/day)  
 
The groundwater is renewably discharged from leakage from Nile water and a big network of canals and 
drains. 111.12 (million m3/year) of groundwater is used in agriculture purposes as irrigation water does 
not reach canals end continuously, especially for sensitive crops that need water within short regularly 
time. The groundwater layer consists of permeable sand, gravels, and silt lenses with average depths 200-
900 (m) and static head 3.4 - 4.2 (m). The upper layer is semi permeable silt cover, while lower layer is 
the impermeable sea sediments that carry saline water. Gharbia irrigation administration measures 
groundwater quality from control monitoring wells as shown in Table 2. 
 Table 2. Control monitoring wells in Gharbia governorate 
 
 
 
 
 
 
 
 
 
 
 
Site Static head (m) Salinity (ppm) 
Almhala Alkbra 3.4 620 
Kafr Alzyat 3.7 382 
Basywn 3.7 460 
Tanta 3 395 
Qatwr 3.4 470 
Santa 4.2 434 
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The main environmental problems   
x Water disease: the agriculture drains do not have lining so it leaks pollutants to groundwater aquifer 
system that is used for drinking water. This diseased water has high loads of Fe and Mn causes illness 
in blood, liver, kidney, respiratory system, and tissue that leads to failure or cancer. Also epidemic 
diseases as typhoid and cholera could be increased.  
x Isolated from back desert: Gharbia governorate does not connected to nearby desert, so the population 
intensity doubly increased from 1180 to 2058 (capita/km2) from 1976 to 2006 respectively. 
x Solid waste disposal: 1440 (ton/day) is nearly disposed into water streams 
x Industrial waste disposal: there is shortage in sanitation networks, so untreated sewage and industrial 
waste water is discharged into agriculture drains. most factories and companies discharge their 
industrial waste into nearest water streams without treatment 
x Sewage disposal: the sanitation networks are available in only 6 cities (Tanta, Almhala Alkbra, 
Samanwd, Kafr Alzyat, Basywn, and Santa) and only 10 villages. So most of Gharbia governorate, do 
not have access to sanitation network, dispose sewage into nearest water streams by trucks. 
x Aquatic weeds: as water streams are polluted, so huge amount of aquatic weeds grow in water stream. 
These aquatic weeds are the vector of a lot of parasites and snails.  
    
The solution of environmental problems   
x Cover canals and drains inside residential areas  
x Forced law 48/1982 to protect water streams [10]     
x Construct sanitation networks 
x Continuous removal of aquatic weeds from water streams and recycle it to produce biogas, soil 
conditioner, and animal foods 
x Reduce fertilizers used in fruit agriculture vast area that have high concentrations of Fe and Mn 
 
5. Conclusions 
This research gives outline for water contaminated by Fe and Mn in Delta district. Gharbia governorate 
was selected to represent the study area for collecting water samples as it lies in the center of most 
agriculture and industrial activities practiced in the Delta district. Results showed that Fe and Mn 
concentrations exceeded permissible limits according to (WHO) and Law 48/1982. A treatment process 
was suggested for the reduction of Fe and Mn with more than 92% and 96%, respectively. The most 
factors causing Fe and Mn pollution were due to environmental problems from untreated wastewater 
discharge into water stream and from cheated chemical pesticides and fertilizers over usage. The most 
suitable solution is to prevent/minimize pollution from their sources, encourage low cost treatment 
process, and force regulating laws.   
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